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Abstract 

m i 

£Nj ' The behavior of magnetic field in plane symmetric inhomogeneous cos- 

mological models for bulk viscous distribution is investigated. The coeffi- 
cient of bulk viscosity is assumed to be a power function of mass density 
(£ = £op n ). The values of cosmological constant for these models are 
found to be small and positive which are supported by the results from 
recent supernovae la observations. Some physical and geometric aspects 
of the models are also discussed. 
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1 Introduction 

k>( \ The standard Friedmann-Robertson- Walker (FRW) cosmological model pre- 

; I ■ scribes a homogeneous and an isotropic distribution for its matter in the de- 

scription of the present state of the universe. At the present state of evolution, 
the universe is spherically symmetric and the matter distribution in the universe 
is on the whole isotropic and homogeneous. But in early stages of evolution, 
it could have not had such a smoothed picture. Close to the big bang singu- 
larity, neither the assumption of spherical symmetry nor that of isotropy can 
be strictly valid. So we consider plane-symmetric, which is less restrictive than 
spherical symmetry and can provide an avenue to study inhomogeneities. Inho- 
mogeneous cosmological models play an important role in understanding some 
essential features of the universe such as the formation of galaxies during the 
early stages of evolution and process of homogenization. The early attempts at 
the construction of such models have done by Tolman^Q and Bondi[2] who con- 
sidered spherically symmetric models. Inhomogeneous plane-symmetric models 
were considered by Taub[3 0] and later by Tomimura|_>|, Szekeres[§], Collins 
and Szafron[7j, Szafron and Collins[5|. Recently, Senovilla 9 obtained a new 
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class of exact solutions of Einstein's equation without big bang singularity, rep- 
resenting a cylindrically symmetric, inhomogencous cosmological model filled 
with perfect fluid which is smooth and regular everywhere satisfying energy 
and causality conditions. Later, Ruis and Senovilla|10) have separated out a 
fairly large class of singularity free models through a comprehensive study of 
general cylindrically symmetric metric with separable function of r and t as 
metric coefficients. Dadhich et a/.^J have established a link between the FRW 
model and the singularity free family by deducing the latter through a natu- 
ral and simple in-homogenization and anisotropization of the former. Recently, 
Patel et aZ. ^21 presented a general class of inhomogeneous cosmological mod- 
els filled with non-thermalized perfect fluid by assuming that the background 
space-time admits two space-like commuting killing vectors and has separable 
metric coefficients. Bali and Tvagi[Oj obtained a plane-symmetric inhomoge- 
neous cosmological models of perfect fluid distribution with electro-magnetic 
field. Recently, Pradhan et al. ^1] have investigated a plane-symmetric inhomo- 
geneous viscous fluid cosmological models with electro-magnetic field. 

Models with a relic cosmological constant A have received considerable at- 
tention recently among researchers for various reasons (see Refs.|15| — 119| and 
references therein). Some of the recent discussions on the cosmological constant 
"problem" and consequence on cosmology with a time- varying cosmological con- 
stant by Ratra and Peebles [20] . Dolgov|2T ] — P^ l an d Salmi and Starobinsky|23j 
have pointed out that in the absence of any interaction with matter or radia- 
tion, the cosmological constant remains a "constant" . However, in the presence 
of interactions with matter or radiation, a solution of Einstein equations and 
the assumed equation of covariant conservation of stress-energy with a time- 
varying A can be found. For these solutions, conservation of energy requires 
decrease in the energy density of the vacuum component to be compensated by 
a corresponding increase in the energy density of matter or radiation. Earlier re- 
searchers on this topic, are contained in Zeldovich|25| Weinberg^!)] an d Carroll, 
Press and Turner |2rj]. Recent observations by Perlmutter et al.^7\ and Riess 
et al. 28 strongly favour a significant and positive value of A. Their finding 
arise from the study of more than 50 type la supernovae with redshifts in the 
range 0.10 < z < 0.83 and these suggest Friedman models with negative pres- 
sure matter such as a cosmological constant (A), domain walls or cosmic strings 
(Vilcnkin [2S|, Garnavich et al. 'SU\). Recently, Carmeli and Kuzmenko 33] have 
shown that the cosmological relativistic theory (Behar and Carmeli[22J) pre- 
dicts the value for cosmological constant A = 1.934 x 10 -35 s~ 2 . This value of 
"A" is in excellent agreement with the measurements recently obtained by the 
High-Z Supernova Team and Supernova Cosmological Project (Garnavich et al. 
|30| ; Perlmutter et al.\T7\; Riess et al.[2H\: Schmidt et al.%n\). The main con- 
clusion of these observations is that the expansion of the universe is accelerating. 

Several ansiitz have been proposed in which the A term decays with time 
(see Refs. Gasperinij^ Berman[5B], Freese et q/.|19|. Ozcr and Taha|19|. 
Peebles and Ratra j^Zj, Chen and Hu 38 , Abdussattar and Viswakarma 39 , 
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Gariel and Le Denmat^Uj, Pradhan et aZ.0J). Of the special interest is the 
ansatz A oc S~ 2 (where S is the scale factor of the Robertson- Walker metric) 
by Chen and Wuj^Hl, which has been considered/modified by several authors 
( Abdel-Rahaman |32| . Carvalho et a/.[T3|. Waga|4"3|. Silveira and Wagagl], 
Vishwakarma03| ) . 

Most cosmological models assume that the matter in the universe can be 
described by 'dust' (a pressure-less distribution) or at best a perfect fluid. How- 
ever, bulk viscosity is expected to play an important role at certain stages of 
expanding universe |46 ) — 148 | . It has been shown that bulk viscosity leads to in- 
flationary like solution0!J|> and acts like a negative energy field in an expanding 
universe|50|. Furthermore, there are several processes which are expected to 
give rise to viscous effects. These are the decoupling of neutrinos during the ra- 
diation era and the decoupling of radiation and matter during the recombination 
era. Bulk viscosity is associated with the Grand Unification Theories (GUT) 
phase transition and string creation. Thus, we should consider the presence of 
a material distribution other than a perfect fluid to have realistic cosmological 
models (see Gr0n(5T] for a review on cosmological models with bulk viscosity). 
A number of authors have discussed cosmological solutions with bulk viscosity 
in various context [5T ] — |54 j . 

The occurrence of magnetic fields on galactic scale is well-established fact 
today, and their importance for a variety of astrophysical phenomena is gen- 
erally acknowledged as pointed out Zeldovich et aZ.jnS]. Also Harrison^ has 
suggested that magnetic field could have a cosmological origin. As a natu- 
ral consequences, we should include magnetic fields in the energy-momentum 
tensor of the early universe. The choice of anisotropic cosmological models in 
Einstein system of field equations leads to the cosmological models more gen- 
eral than Robertson- Walker model|S7|. The presence of primordial magnetic 
fields in the early stages of the evolution of the universe has been discussed by 
several authors |55 ) — 167 | . Strong magnetic fields can be created due to adia- 
batic compression in clusters of galaxies. Large-scale magnetic fields give rise to 
anisotropies in the universe. The anisotropic pressure created by the magnetic 
fields dominates the evolution of the shear anisotropy and it decays slower than 
if the pressure was isotropic [HEIEHI- Such fields can be generated at the end of an 
inflationary epoch [ZD] - E3] ■ Anisotropic magnetic field models have significant 
contribution in the evolution of galaxies and stellar objects. The model stud- 
ied by Murphy[5Sj possessed an interesting feature is that the big bang type of 
singularity of infinite spacetime curvature does not occur to a finite past. How- 
ever, the relationship assumed by Murphy between the viscosity coefficient and 
the matter density is not acceptable at large density. Several authors [75 ] — |5T ] 
have investigated cosmological models with a magnetic field in different context. 

Recently Bali et aLjS3] obtained some plane-symmetric inhomogeneous cos- 
mological models for a perfect fluid distribution with electro-magnetic field. 
Motivated the situations discussed above, in this paper, we shall focus upon the 
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problem of establishing a formalism for studying the general relativistic evo- 
lution magnetic inhomogeneities in presence of bulk viscous in an expanding 
universe. We do this by extending the work of Bali et o/.|S2] by including an 
electrically neutral bulk viscous fluid as the source of matter in the energy- 
momentum tensor. This paper is organized as follows. The metric and the field 
equations are presented in section 2. In section 3 we deal with the solution of 
the field equations in presence of bulk viscous fluid. The sections 3.1, 3.2 and 
3.3 contain the two different cases (i.e. for n = and n = 1 ) and also contain 
some physical aspects of these models respectively. Section 4 describe some 
other generated models and their physical and geometric properties. Finally in 
section 5 concluding remarks have been given. 



2 The metric and field equations 

We consider the metric in the form 

ds 2 = B 2 (dx 2 -dt 2 + dy 2 ) + C 2 dz 2 , (1) 

where the metric potential B and C are functions of x and t. 

The energy momentum tensor in the presence of bulk stress has the form 

T( = (p + p)viv> + pgj +E{, (2) 

where Ef is the electro-magnetic field given by 

Ef=F ia F^-^F aP F^gi, (3) 

and 

Here p, p, p , Ff and £ are the energy density, isotropic pressure, effective 
pressure, electromagnetic field tensor and bulk viscous coefficient respectively 
and if is the flow vector satisfying the relation 

gijvV = -1. (5) 

Here the semicolon represents a covariant differentiation. The coordinates are 
considered to be comoving so that v 1 = = v 2 = v 3 and v 4 — We consider 
the current to be flowing along the z-axis so that F12 is the only non-vanishing 
component of Fij . 

The Einstein's field equations ( in gravitational units c = 1, G = 1 ) read as 

4-\R9l+H=-^Ti (6) 
for the line element (1) has been set up as 

8nB { P+ 2B^)--^ + B^ + B^- — + ^^- AB ^ (?) 
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Here and in the following expressions the suffixes 1 and 4 at the symbols B, C, 
f and g denote differentiation with respect to x and t respectively. 



3 Solution of the field equations 

From Equations Q, © an d ©, we have 
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Equations (|7|)- (|ll|l represent a system of five equations in seven unknowns B, 
C, p, p, F12, A and £. The research on exact solutions is based on some phys- 
ically reasonable restrictions used to simplify the Einstein equations. To get a 
determinate solution, we need two extra conditions. 
Let us consider that 

B = f(x)g(t), 

C = h{x)k{t). (14) 
Using Equation l|14|) in Equation Mil , we obtain 



K (constant, say), (15) 
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Using Equation l|14|) in Equation H12[) leads to 

/ f \h + f) + h 

Equations {TBI and {TBJ) give 

(K + l)hh n - (3K + K 2 )h\ = 0, 
which on integration leads to 

K+l 



h = 



(1 - 2K - K 2 )(ax + (3) 



(K 2 +2K-1) 



(18) 



(19) 



(20) 



where a and f3 are constants of integration. Integrating Equations i|ltj|) and 
l(T7|) . we obtain 

/ = ah K , (21) 

and 



k 



(22) 



respectively, where a and b are constants of integration. Hence from Equations 
(UH), pU fl -ljSl j) . we obtain 



B = ag 



K+l 



(1 - 2K ~ K 2 )(ax + f3) 



(K 2 +2K -1) 



and 
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(1-2^ -^ 2 ) (£*£ + /?)_ 

After suitable transformation of coordinates and by taking a as unity without 
any loss of generality the metric reduces to the form 



ds 2 = M 2 



K(K+1) 



g 2 {T) idX 2 - dT 2 + dY 2 ) + 



where 



X 



M = a 
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(25) 



(26) 



(l-2if-if 2 ) 

There is a lot of known solutions to the Einstein field equations but Equation 
<|25|) is indeed a new one. The effective pressure p and density p for the model 
<(231) are given by 

87Tp= -A+ 2K(K + 1) x 



G 
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1 



(1 - 2K - K 2 ) 2 X 2 
8np = A 7 
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(27) 



# 2 M 2 X(i-^-* 2 > 

1 544 



(4 - 5K - K 2 ) g 2 



(1-K) 2 g 2 



(28) 



For the specification of £, we assume that the fluid obeys an equation of state 
of the form 

P = IP, (29) 

where 7(0 < 7 < 1) is a constant. 

Thus, given £(i) we can solve for the cosmological parameters. In most of the 
investigations involving bulk viscosity is assumed to be a simple power function 
of the energy density [55 | . 



(30) 



where £0 and n are constants. If n = 1, Equation (|26|l may correspond to a 
radiative fluid|8fi|. However, more realistic models[8*7j are based on n lying in 
the regime < n < \. 
On using (|3l]|) in (|2*7|) . we obtain 

8n(p - ^p n 9) 
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where 9 is the scalar of expansion calculated for the flow vector v % and is given 

by 

94 (K-r 
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3.1 Model I: 



(e = 6 



When n = 0, Equation l|3Tj)) reduces to £ = £ - With the use of Equations (|2*5|) . 
(O and Equation O reduces to 



^7r(l + 7)^ 



87r£og4 



MX d-2Jf-ir 2 ) 



if-3 
K - 1 



1 



2K(K 2 - l)(K + 2) (3-K)g u (5 - 8K - K 2 ) g% 



(\-2K-K 2 ) 2 X 2 [1-K) g 



(1-Kf 



(33) 



7 



Eliminating p(t) between (PS)l and we get 



(1+7)A 
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3.2 Model II: 
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When n = 1, Equation reduces to £ = £ 0/ o. With the use of J3SJ), (|2S1> and 
J23), Equation (|3*T]l reduces to 
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Eliminating p(i) between (|2*51) and (jSSJ, we get 
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In spite of homogeneity at large scale our universe is inhomogeneous at small 
scales, so physical quantities having position dependent are more natural in our 
observable universe if we do not go to super high scale. This result shows this 
kind of physical importance. In recent times the A-term has interested theoreti- 
cians and observers for various reasons. The nontrivial role of the vacuum in 
the early universe generate a A-term that leads to inflationary phase. Observa- 
tionally this term provides an additional parameter to accommodate conflicting 
data on the values of the Hubble constant, the deceleration parameter, the 
density parameter and the age of the universe (for example, see the references 
|SHl,|nni)- Assuming that A owes its origin to vacuum interactions, as suggested 
in particular by Sakharov [HI] it follows that it would in general be a function 
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of space and time coordinates, rather than a strict constant. In a homogeneous 
universe A will be at most time dependent In our case this approach can 
generate A that varies both with space and time. In considering the nature of 
local massive objects, however, the space dependence of A cannot be ignored. 
For details discussion, the readers are advised to see the references (Narlikar, 
Pecker and Vigier [33], Ray et al. P]). 

The effect of bulk viscosity is to introduce a change in the perfect fluid model. 
We also observe here that the condition of Murphy about the absence of a big 
bang type of singularity in the finite past in models with bulk viscous fluid is, in 
general, not true. We have freedom of choosing the function g(T) so that to give 
a physical behaviour of above parameters. As a matter of fact, there are multiple 
choices, for example, g(T) = c 2 + d 2 t 2 ,c 2 + e~ d 1 ,c 2 + d 2 cos wi, c 2 > d 2 , where 
c and d are some real constants. From Equations (|34|l and (|36|l . we observe that 
the cosmological constant is a decreasing function of time and it approaches a 
small positive value at late times under some suitable conditions which explains 
the small value of A at present. 



3.3 Some physical aspects of the models 

We shall now give the expressions for kinematical quantities and the components 
of conformal curvature tensor. With regard to the kinematical properties of the 
velocity vector v % in the metric l|25|) . a straightforward calculation leads to the 
following expression for the shear of the fluid: 
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The rotation lu and acceleration are identically zero. The expansion scalar 9 
has already been given by l)32|) . The non- vanishing physical components of the 
conformal curvature tensor are given by 
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The non- vanishing component F\2 of the electromagnetic field tensor and J 2 , 
the component of charge current density, are given by 
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The models represent shearing, non-rotating and Petrov type I non-degenerate 
in general, in which the flow is geodetic. The expansion in the model stops when 
K = 3 but it will continue indefinitely when K > 3. Since lim.T->o § 7^ 0, hence 
the models do not approach isotropy for large values of T. 

4 Other generated model 

In the metric (|25|l . the function g(T) is indeterminate. To get the determinate 
value of 3, we assume in Equation (|15|l as 



Ki _ 94 
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where r and s are constants. From Equations (|45|) and 146(1 . we have derived 



(46) 



k = le^ T , (47) 

3 = me L ~2~ lT 1 (48) 

where i and m are integrating constants. In this case the geometry of the 
universe (|25|l reduces to the form 
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The effective pressure p and density p for the model 1)49(1 are given by 
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On using Equations (@J and 130(1 in 151(1 . we obtain 
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where is the scalar expansion calculated for the flow vector v l and is given by 

(54) 



(r + 3s)e * 



4ViVX(i-2«-« 2 ) 



4.1 Model I: Solution for (f = f„) 

In this case, using Eqs. JS2J), (|2*9"jl and (|oT|) in Eq. J^3J|, we obtain 
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Eliminating between (|52l and (JSSJ, we get 
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4.2 Model II: Solution for (f = £ p) 

In this case with the use of Eqs. I|52fl. (|2*9")l and in Eq. reduces to 
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Eliminating p(t) between (|52l and l(57)l. we get 
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From Equations l|56|l and (|58|l , we observe that cosmological constant A may be 
positive or negative under specific conditions. A negative cosmological constant 
adds to the attractive gravity of matter, therefore, universe with a negative cos- 
mological constant are invariably doomed to recollapse. A positive cosmological 
constant resists the attractive gravity of matter due to its negative pressure. For 
most universe, the positive cosmological constant eventually dominates over the 
attraction of matter and drives the universe to expands exponentially. 

4.3 Some physical aspects of the models 

The coefficient of shear a, non- vanishing physical components of conformal cur- 
vature tensor Cujf.n , non- vanishing component of electromagnetic field tensor 
Fij and component of charge density J 2 for the model (|49|) are given as: 
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(1-2.-. 2 )* 2 ' ■ (66) 

The rotation uj is identically zero. The models start expanding at T = and 
continue till T = oo for iV > 0. The expansion stops when T — —oo or r = —3s. 
The models represent shearing, non-rotating and Petrov type I non-degenerate 
in general. 



5 Conclusions 

We have obtained a new class of plane-symmetric inhomogeneous cosmological 
models of electromagnetic bulk viscous fluid as the source of matter. Generally 
the models represent expanding, shearing, non-rotating and Petrov type I non- 
degenerate universe in which the flow vector is geodetic. In all these models, we 
observe that they do not approach isotropy for large values of time. 

The cosmological constants in all models given in Sections 3 are decreasing 
functions of time and they all approach a small value at late times. The values 
of cosmological "constant" for these models are found to be small and positive 
which are supported by the results from recent supernova la observations re- 
cently obtained by the High-Z Supernova Team and Supernova Cosmological 
Project ( Garnavich et aZ-jSU]; Perlmutter et al.\T?\; Riess et a/.|5S]; Schmidt et 

al. mm). 



Acknowledgements 

One of the authors (A. Pradhan) would like to thank the Inter-University Centre 
for Astronomy and Astrophysics, Pune, India for providing facility under Asso- 
ciateship Programme where part of this work was carried out. Authors thank 
the anonymous referee for many helpful comments which helped in improving 
the presentation of this paper. Authors also thank S. K. Srivastava and Saibal 
Ray for useful discussions. 



13 



References 

[1] R.C. Tolman: Proc. Nat. Acad. Sci. 20 (1934) 169. 

[2] H. Bondi: Mon. Not. R. Astro. Soc. 107 (1947) 410. 

[3] A.H. Taub: Ann. Math. 53 (1951) 472. 

[4] A.H. Taub: Phy. Rev. 103 (1956) 454. 

[5] N. Tomimura: II Nuovo Cimento B 44 (1978) 372. 

[6] P. Szekeres: Commun. Math. Phys. 41 (1975) 55. 

[7] C.B. Collins and D.A. Szafron: J. Math. Phy. 20 (1979a) 2347; J. Math. 
Phy. 20 (1979b) 2362. 

[8] D.A. Szafron and C.B. Collins: J. Math. Phy. 20 (1979) 2354. 

[9] J.M.M. Senovilla: Phy. Rev. Lett. 64 (1990) 2219. 

[10] E. Ruiz and J.M.M. Senovilla: Phy. Rev. D 45 (1990) 1995. 

[11] N. Dadhich, R. Tikekar and L.K. Patel: Curr. Sci. 65, (1993) 694. 

[12] L.K. Patel, R. Tikekar and N. Dadhich: Pramana-J. Phys. 49 (1993) 213. 

[13] R. Bali and A. Tyagi: Astrophys. Space Sc. 173 (1990) 233. 

[14] A. Pradhan, V.K. Yadav and N.N. Saste: Int. J. Mod. Phys. D 11 (2002) 
857. 

[15] S. Weinberg: Rev. Mod. Phys. 61 (1989) 1. 

[16] S. Weinberg: Gravitation and Cosmology, Wiley, New York, 1972. 

[17] J. A. Frieman and I. Waga: Phys. Rev. D 57 (1998) 4642. 

[18] R. Carlberg, et al: Astrophys. J. 462 (1996) 32. 

[19] M. Ozer and M.O. Taha: Nucl. Phys. B 287 (1987) 776; 

K. Freese, F.C. Adams, J.A. Frieman and E. Motta: ibid. B 287 (1987) 
1797; 

J.C. Carvalho, J.A.S. Lima and I. Waga: Phys. Rev.D 46 (1992) 2404; 
V. Silviera and I. Waga: ibid. D 50 (1994) 4890. 

[20] B. Ratra and P.J.E. Peebles: Phys. Rev. D 37 (1988) 3406. 

[21] A.D. Dolgov: in The Very Early Universe, eds. G. W. Gibbons, S. W. 
Hawking and S.T.C. Siklos: Cambridge Univerity Press, 1983. 

[22] A.D. Dolgov, M.V. Sazhin and Ya.B. Zeldovich: Basics of Modern Cosmol- 
ogy, Editions Frontiers, 1990. 



14 



[23] A. D. Dolgov: Phys. Rev. D 55, (1997) 5881. 

[24] V. Sahni and A. Starobinsky: Int. J. Mod. Phys. D 9 (2000) 373; 
(gr-qc/9904398). 

[25] Ya.B. Zeldovich: Sov. Phys.-Uspekhi 11 (1968) 381. 

[26] S.M. Carroll, W.H. Press and E.L. Turner: Ann. Rev. Astron. Astrophys. 
30 (1992) 499. 

[27] S. Perlmutter et al: Astrophys. J. 483 (1997) 565, Supernova Cosmology 
Project Collaboration (astro-ph/9608192); Nature 391 (1998) 51, Super- 
nova Cosmology Project Collaboration (astro-ph/9712212); Astrophys. J. 
517 (1999) 565, Project Collaboration | |astro^ ph/9608192). 

[28] A.G. Riess et al: Astron. J. 1 16 (1998) 1009; Hi-Z Supernova Team Col- 
laboration ( |astro- ph/9805201). 

[29] A. Vilenkin: Phys. Rep. 121 (1985) 265. 

[30] P.M. Garnavich et al: Ast rophys. J. 4 93 (1998a) L53, Hi-Z Supernova 
Team Collaboration (astro-ph/97101 2l|>; Astrophy s. J. 509 (1998b) 74; 
Hi-Z Supernova Team Collaboration (astro-ph/9806396). 

[31] M. Carmeli and T. Kuzmenko: Int. J. Thcor. Phys. 41 (2002) 131. 

[32] S. Behar and M . Carmeli: Int. J. Thcor. Phys. 39 (2002) 1375; 
|astro-p h/0008352| 

[33] B.P. Schmidt e t al: Astroph ys. J. 507 (1998) 46, Hi-Z Supernova Team 
Collaboration | |astro-p h/9805200|). 

[34] M. Gasperini: Phys. Lett. B 194 (1987) 347. 

[35] M. Gasperini: Class. Quant. Grav. 5 (1988) 521. 

[36] M.S. Berman: Int. J. Theor. Phys. 29 (1990) 567; Int. J. Theor. Phys. 29 
(1990) 1419; Phys. Rev. D 43 (1991) 75. 

M.S. Berman and M.M. Som: Int. J. Theor. Phys. 29 (1990) 1411. 

M.S. Berman, M.M. Som and F.M. Gomide: Gen. Rel. Grav. 21 (1989) 

287. 

M.S. Berman and F.M. Gomide: Gen. Rel. Grav. 22 (1990) 625. 
[37] P.J.E. Peebles and B. Ratra: Astrophys. J. 325 (1988) L17. 
[38] W. Chen and Y.S. Wu: Phys. Rev. D 41 (1990) 695. 
[39] Abdussattar and R.G. Vishwakarma: Pramana J. Phys. 47 (1996) 41. 
[40] J. Gariel and G.Le Denmat: Class. Quant. Grav. 16 (1999) 149. 



15 



[41] A. Pradhan and A. Kumar: Int. J. Mod. Phys. D 10 (2001) 291. 
A. Pradhan and V.K. Yadav: Int J. Mod Phys. D 11 (2002) 983. 

[42] A.-M.M. Abdel-Rahaman: Gen. Rel. Grav. 22 (1990) 655; 
Phys. Rev. D 45 (1992) 3492. 

[43] I. Waga: Astrophys. J. 414 (1993) 436. 

[44] V. Silveira and I. Waga: Phys. Rev. D 50 (1994) 4890. 

[45] R.G. Vishwakarma: Class. Quant. Grav. 17 (2000) 3833. 

[46] C.W. Misner: Astrophys. J. 151 (1968) 431. 

[47] G.F.R. Ellis: In General Relativity and Cosmology, Enrico Fermi Course, 
R.K. Sachs, ed. Academic, New York, 1979. 

[48] B.L. Hu: In Advance in Astrophysics, eds. L. J. Fung and R. Ruffini, World 
Scientific, Singapore, 1983. 

[49] T. Padmanabhan and S.M. Chitre: Phys. Lett. A 120 (1987) 433. 

[50] V.B. Johri and R. Sudarshan: Proc. Int. Conf. on Mathematical Modelling 
in Science and Technology, L. S. Srinath et al., eds World Scientific, Sin- 
gapore, 1989, p.298. 

[51] 0. Gr0n: Astrophys. Space Sci. 173 (1990) 191. 

[52] A. Pradhan, V.K. Yadav and I. Chakrabarty: Int. J. Mod. Phys. D 10 
(2001) 339. 

I. Chakrabarty, A. Pradhan and N.N. Saste: Int. J. Mod. Phys. D 10 (2001) 
741. 

A. Pradhan and I. Aotemshi: Int . J. Mod. Phys . D 11 (2002) 1419. 

A. Pradhan and H.R. Pandey: gr-qc/0211002; Int. J. Mod. Phys. D 12 

(2003) 941. 

[53] L.P. Chimento, A.S. Jakubi and D. Pavon: Class. Quant. Grav. 16 (1999) 
1625. 

[54] G.P. Singh, S.G. Ghosh and A. Beesham: Aust. J. Phys. 50 (1997) 903. 

[55] Ya.B. Zeldovich, A. A. Ruzmainkin and D. D. Sokoloff: Magnetic field in 
Astrophysics, New York, Gordon and Breach, 1993. 

[56] E.R. Horrison: Phys. Rev. Lett. 30 (1973) 188. 

[57] H.P. Robertson and A.G. Walker: Proc. London Math. Soc. 42, (1936) 90. 

[58] C.W. Misner, K.S. Thorne and J. A. Wheeler: Gravitation W. H. Freeman, 
New York, 1973. 

[59] E. Asseo and H. Sol: Phys. Rep. 6 (1987) 148. 



16 



[60 
[61 

[62; 

[63 
[64 

[65 
[66 

[67 
[68 
[69 
[70 
[71 
[72 
[73; 
[74; 
[75 

[76; 

[77 
[78 
[79; 
[80 



M.A. Melvin: Ann. New York Acad. Sci. 262 (1975) 253. 

R. Pudritz and J. Silk: Astrophys. J. 342 (1989) 650. 

K.T. Kim, P.G. Tribblc and P.P. Kronberg: Astrophys. J. 379 (1991) 80. 

R. Perley and G. Taylor: Astrophys. J. 101 (1991) 1623. 

P.P. Kronberg, J.J. Perry and E.L. Zukowski: Astrophys. J. 387 (1991) 
528. 

A. M. Wolfe, K. Lanzetta and A.L. Oren: Astrophys. J. 388 (1992) 17. 

R. Kulsrud, R. Cen, J.P. Ostriker and D. Ryu: Astrophys. J. 380 (1997) 
481. 

E.G. Zweibel and C. Heiles: Nature 385 (1997) 131. 

J.D. Barrow: Phys. Rev. D 55 (1997) 7451. 

Ya.A. Zeldovich: Sov. Astron. 13 (1970) 608. 

M.S. Turner and L.M. Widrow: Phys. Rev. D 30 (1988) 2743. 

J. Quashnock, A. Loeb and D.N. Spergel: Astrophys. J. 344 (1989) L49. 

B. Ratra: Astrophys. J. 391 (1992) LI. 

A.D. Dolgov and J. Silk: Phys. Rev. D 47 (1993) 3144. 

A.D. Dolgov: Phys. Rev. D 48 (1993) 2499. 

R. Bali: Int. J. Theor. Phys. 47 (1986) 7. 
R. Bali and M. Ali: Pramana 47 (1996) 25. 

K.S. Thorne: Astrophys. J. 148 (1967) 51. 

K.C. Jacobs: Astrophys. J. 153 (1968) 661. 

K.C. Jacobs: Astrophys. J. 155 (1969) 379. 

S.R. Roy, S. Narain and J.P. Singh: Austr. J. Phys. 2 (1985) 239. 



C.G. Tsagas and R. Maartens: gr-qc/9912044. Class. Quant. Grav. 17 
(2000) 2215. 

[81] A. Pradhan and O.P. Pandey: |gr-qc/0212109| Int. J. Mod. Phys. D 12 
(2003) 1299. 

A. Pradhan, S.K. Srivastav and K.R. Jotania: Czech. J. Phys. 54 (2004) 
255. 

A. Pradhan and S.K. Singh: Int. J. Mod. Phys. D 13 (2004) 503. 
[82] R. Bali, G. Singh and A. Tyagi: Astrophys. Space Sci. 139 (1987) 365. 



17 



[83] D. Pavon, J. Bafaluy and D. Jou: Class Quant. Grav. 8 (1991) 357; "Proc. 
Hanno Poind Conf. on Relativity and Thermodynamics", Ed. S. D. Ma- 
haraj, University of Natal, Durban, 1996 p. 21. 

[84] R. Maartens: Class Quant. Grav. 12 (1995) 1455. 

[85] W. Zimdahl: Phys. Rev. D 53 (1996) 5483. 

[86] S. Weinberg: Gravitation and Cosmology, Wiley, New York, 1972 p. 57. 
[87] N.O. Santos, R.S. Dias and A. Banerjee: J. Math. Phys. 26 (1985) 878. 
[88] G.L. Murphy: Phys. Rev. D 8 (1973) 4231. 
[89] J. Gunn and B.M. Tinslcy: Nature, 257 (1975) 454. 

[90] E.J. Wampler and W.L. Burke: in New Ideas in Astronomy, Eds F. Bcrtola, 
JW. Sulcntic and B.F. Madorc, Cambridge University Press, 1988, p. 317. 

[91] A.D. Sakharov: Doklady Akad. Nauk. SSSR, 177 (1968) 70 (in translation: 
Soviet Phys. Dokalady, 12 (1968) 1040). 

[92] P.J.E. Peebles and B. Ratra: Astrophys. J. 325, (1988) L17. 

[93] J.V. Narlikar, J.-C. Pecker and J.-P Vigier: J. Astrophys. Astr. 12 (1991) 
7. 

[94] S. Ray and D. Ray: Astrophys. Space Sci. 203 (1993) 211. 

R.N. Tiwari, S. Ray and S. Bhadra: Indian pure appl. Math. 31 (2000) 
1017. 



18 



